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SCRATCH AND MAR RESISTANT SOFT ETHYLENE ELASTOMER 
COMPOSITIONS 

Field of tbelnvoition 

The invention relates to the field of soft ethylene elastomer compositions and in 
particular to soft ethylene elastomer compositions exhibiting improved scratch and 
mar resistant properties. 

Backgromid to the Invention 

Ihe mannfiictnre of exterior automotive parts has traditianally involved hard ethylene 
elastomer compounds, which provide good impact and scratch and max resistance 
properties to the aulomobUe exterior. These eftylene elastomers comprise a majority 
of polypropylene, a lesser amomit of arubbertoughener (EPDM or EPRrubber) and a 
filler such as talc. 

More recently compounds have been developed with added softness. These 
compounds called "soft ethylene elastomer compounds" have a polyetiiylene 
plastomer as tibe major component of the composition and polypropylene as a minor 
• component The addition of a small amount of organic peroxide, optionally with a co- 
agent, changes the melt Aeology characteristics of the compound thereby nnproving 
thermal resistance and processing characteristics of the compound andproviding a 
soft characteristic to the conqround. 

An example of a soft e&ylene elastomer conqwund is disclosed in U.S. Patent No. 
6,506,842 and International Patent AppUcation No. WO 98/32795 to Heck et al. 
pubUshed July 30, 1998, which are incorporated herein by reference. U.S. Patent No. 
6,506,842 and WO 98/32795 disclose a rheology-modified, substantially gel-fise 
ethylene elastomer composition comprising an ethylene alpha-olefin (BAG) polymer 
or EAO polymer blend and at least one high mdting polymer selected fiom 
polypropylene homopolymers and propylene/elhylene (P/E) copolymers. The 
conqwsition has at least three of the following four characteristics: a shear flmming 
index (STI) of at least 20, a melt strength (MS) of at least 1.5 times that of flie 
. composition vrilhout rheology modification, a solidification temperature (ST) of at 
least ICC greater than that of the composition wiftoutiheology modification, and an 
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upper service temperature (USD limit of at least lO'C greater than that of &e 
composition without theology modification. 

Tte EAO polymer or EAO polymer blend of the e&ylene elastomer is present in an 
amount of 50-90 % by weight of this component, preferably 65-85 % by wei^t while 
the high melting point polymer is preferably present in an amount of 50-10% by 

weight, more preferably 35-15% by wei^ 

U.S. Patent No. 6,506,842 and WO 98/32795 also disclose a process for preparing a 
rheology-modified. substantially gel-free thermoplastic elastomer composition, which 
includes Healmentwifli an organic peroxide, and manufacture of articles using these 
compositions. 

For automotive interior and other appUcations that require scratch and mat resistance, 
soft ethylene elastomer compositions have been deficient due to their soft polymeric 
nature. 

As a result there still remains a need to provide a soft ethylene elastomer composition 
producing compounds with improved scratch and mar resistance properties. 

Summary of flie Invention 

According to one aspect of the invention there is provided a composition comprising a 
soft ethylene elastomer component and an effective amount of filler to iii?iart 
improved scratch and mar resistance properties to fte composition while not 
significantly decreasing the softaess of Ihe composition. 

According to oiie aspect of fte invention there is provided a composition comprising a 
soft etl^lene elastomer component and an effective amount of filler and 
compatibilizer to impart improved scratch and mar resistance properties to Ihe 
composition whfle not significantiy decreasing the softness of the composition. 

According to another aspect of ftie invention there is provided a composition 
comprising a soft ethylene elastomer component and an effective amount of filler and 
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silicone to impart improved soatcli and mar resistance properties to flie composition 
while not significantly decreasing the softness of the composition. . 

According to another aspect of &e invention there is provided a composition 
comprising a soft ethylene elastomer component and an effective amomit of filler, 
silicone, and compatibaHzer to impart improved scratch and mar resistance properties 
to the composition while not significantly decreasing the softness of the composition. 

According to a fiirther aspect of the invention there is provided a composition 
comprising a soft ethylene elastomer component and an effective amount of mica and 
compatihalizer to impart improved scratch and mar resistance properties to tiie 
composition while not significantly decreasing the softness of the composition. 

According to a finlher aspect of the invention tiiere is provided a composition 
comprising a soft ethylene elastomer component and an effective amount of mica and 
siHcone to impart improved scratch and mar resistance properties to the composition 
while not significantiy decreasing the softness of Ihe conq)osition. 

According to yet a finder aspect of tiie invention there is provided a composition 
comprismg a soft ethylene elastomer component and an effective amomit of mica, 

- compatihalizer and siHcone to impart improved scratch and mar resistance properties - 
to tiie composition while not significantiy decreasing tiie softness of the composition. 

Preferred embodiments of tiie present invention also include a process for pieparmg 
tiie composition and an article of manufacture which has at least one component 
fabricated from the composition. 

The compositions of the present invention have many advantageous properties. In 
particular they are scratch and mar resistant, while not significantiy decreasing the 
softness of the composition The composition also results in the production of articles 
with low gloss. 
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DetaUed Description of the Invention 

In a prefened embodiment, Ihe soft ethylene elastomer component used in the present 
invention is a iheology-modified ethylene elastranet composition comprising ftom 
about 50 to about 9 5% by weigjit of elastomeiic ethylene polymers or EAO polymer 
blend and fiom about 5 to about 50% by weight of a hi^ melting polymer, based on 
flie total ethylene elastomer connposition. 

Elastomeric e&ylene polymers that are suitable for use in the ethylene elastomer 
composition include interpolymers and diene modified mterpolymers. Dlusliative 
polymers include elhylene/propylene (EP) copolymers, elhylene^utylene (EB) 
copolymers, etiiylene/octene (EO) copolymers, efhylene/alpha-olefin/diene modified 
(EAODM) interpolymers and elhylene/propylene/diene modified (EPDM) 
interpolymers. More specific examples include ultra low linear density polyethylene 
(UIDPE) such as Attane™ manufacUired by The Dow Chemical Company, 
homogeneously branched linear EAO copolymers suchasTafin6r™manufiicturedby 
Mitsui Petrochemicals Company Limited and Exact™ manufactured by Exxon 
Chemical Company.and homogeneously branched substantiaUy linear EAO poly^^ 

such as Ihe Affinity™ polymers available fiom The Dow aemical Company and 
Engage® polymers available firan DuPont Dow Elastomers L.L.C. 

Prefened EAO polymer blends mclude homogeneously branched linear and 
substantiaUy linear ethylene copolymers with a density measured in accordance with 

ASTM D-792 of 0.85-0.92 g/cc, especially 0.85- 0.90 g/cc and a melt index arh 
(measmed in accordance with ASlMD-1238(190»C/2.16kg weight) ofO.01-30 
preferably 0.05-10 g/10 min. These substantially linear ethylene copolymers or 
inteipoljraiOT (also known as "SLEPs") are especially prefened. 

In addition, the various fimctionalized ethylene copolymen such as eti^'lene vinyl 
acetate (EVA), which contain fiom 0.5-50 wt%units.derived from vinyl acetate, are 
also suitable. When using an EVA polymer, those that have an t of fiom 0.01-500, 
preferably 0.05-50 g/10 min are prefened. 
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Preferred SDEPs mclude Engage® polyolefin elastomos and otepo^^ 
produced by The Dow Chemical Company and DuPont Dow Hastomeis LLC. 

Hie hi^ melting polymer usefulmtiie soft ethylene elastomer component is 
preferably a homopolymer of propylene, a copolymer of propylene wifli an a-olefin 
such as ethylene, l-butene. l-hexene or 4-methyl-l-pentene. Hie polymer may also be 
a blend of a homopolymer and a copolymer, a nucleated homopolymer or a nucleated 
copolymer. It may further be a nucleated blend of a homopolymer and a copolymer. 
The a-olefin is preferably ethylene. The copolymer may be a random copolymer or a 
block copolymer or a blend of a random copolymer and a block copolymer. The high 
melting polymer is preferably selected from polypropylene homopolymers and 
polyethylene copolymers wife a melt flow rate (MFR) of (230»C and 2. 16 kg weight) 
of 0.3-60 g/10 min, preferably 0.8-40 g/lOmin and more preferably 1-35 g/10 min. 

Amore detailed description of the preferred elastomeric ethylene polymer or EAO • 
polymer blend and high melting polymer is provided inU.S. Patent No. 6,506,842 and 

WO 98/32795, which are herein incorporated by reference. 

The soft ethylene elastomer component is preferably a Aeology-modified, 
composition witii low gel levels fliattmable the composition to maintain true 
thermoplastic behaviour. . ' 

Ite soft ethylene elastomer component is preferably treated with a suitable organic 
peroxide in the manner described m U.S. Patent No. 6,506,842 and WO 98/32795. 
Such suitable organic peroxides used for the purposes of this invention have a half- 
life of at least one hour at 120° C. Illustrative peroxides include: a series of 
vulcanizing and polymerization agentstiiatcontain a, a'-bis(t-buly]peroxy)- 
diisopropylbaizeme and He available fiomi Geo Specialty Chemicals under the 
mark Vulcup™, a series of agents ftat contam dicumyl peroxide are available fiom 
Geo Specialty ChMoicalsunderlhetiade-maikDi-cup™ Dq)eroK™ peroxides made 
by Atofina, Nora America, or Trigonox™' organic peroxides made by Momy 

Chemical Compaiqr. 
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Other suitable peroxides include dicymyl peroxide, 2,5^e)hyl-2,5^-{t-butyl 
peroxy)hexane, di-t- butylpeioxide. 2,5-di(t-aniyl peroxy)-2,5-dimethyIhexane, 2,5- 
diKt-bulylperoxy>2,5-diphenylhexaBe,bis(alpto-methylbenzyl)peroxide^ 
peroxide, t-butyl perbeiizoate and bis(t-butylperoxy)-diisopropylbenzene. 

Hie peroxide may also be used with a suitable co-agpnt such as Type I polar co- 
agents. wHch are haye a relatively low molecular weight An example of this type of 
co-agent is trimethylopropanetrimethacryUte(TMP™A)sold by Sartomerra^^ 

■name SR-350. Type n low polarity co-agent may also be useful such as 1,2- 
polybutadiene sold by Sartomer under the tiade-maikRicon®.nie addition of co- 
agent may improve the properties of the rheology-modified ethylene elastomer 
compound, or reduce the amount ofperoxide needed to efect the same level of 

theology modification. 

The preferred ratio of peroxide to co-agent used in this invention is in the range of 
about 1:1 to about 1:4 peroxide:co-agent. but may vary depending on the particular 
application. 

A more detailed description of the preferred properties of the xheology-modiSed 
ethylene elastomer composition is provided in U.S. Patent No. 6,506.842 and WO 
98/32795. which are herein incorporated by reference. Mostpreferably the 

composition of the present invention has a soft ethylene elastomer componeirt with an 
STl of between 20 and 110 (calcuUtedusing aKayeness capillary melt Aeometer in 
which the shearrate is the ratio of melt viscosity atlsec-' to that atl006sec-').aMS 

of > 1.5, a ST of between 75 and 145 "C (calculated using differential scamiing 
cal^eliy to measure the crystallization temperature of the first peak on cool-down) 
and aUST of between 50 and 160 "C (calculated usingthermal mechanical analysis to 

detenninethetempemture at which the penetration probe penetrates 600 nncrons into 
the sample with the temperature being ramped from room temperature at 3°C per 

minute). 

The soft ethylene elastomer component is combined with an effective ainount of filler 
to improve the scratch and mar resistant properties of the soft ethylene elastomer 

component The fiDer may be a platy filler, such as mica, talc or clay. Alternatively. 
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fte soft eaylene elastomer con>ponent may be combined wifli a hard, spherical, or 
elongated filler such as activated alumina. 

Most preferably.the soft e^leneelastoercomponentis combined with ane^^ 

amount of the filler mica. lUe mica is preferably a wet-ground mica of 325 mesh. 
Preferablyamuscovite mica is used or altemativelyaphlogophite mica. 

TT,e filler is present inmamount of &omaboutltoabout20%by weight of the total 
composition, preferably between&omabout2toaboutl5%by weight, more 
preferably ftom about 3 to about 12% by weight, and furlher more preferably ftom 
about 4 to about 10% by weight 

TT,e finer may alsobe combined withacompatibalizertoobtain improved scratch a^ 

mar resistant properties. 

The addition offhe filler and oompatibalizer into Ibe composition of the present 
inventionmay be by direct additiontothe soft ethylene elastomer componentdunng 
compoundmanufecture or preferably by addition tooughapre-mademasterbateh. If 

amasterbatohisused,itispreferablycamprisedoffiner.compatrT«J^ 

resinmwhichthecompa«,alizer comprises ftom aboutltoabout 20% ofthe total 

^batohcomposition,whilethefillercomprisesfromaboutl0toabout90%of 

fl„totaImasterbatehcomposition.Prefer*ly,themasterbatchcompris^^ 

5 to about 15% oompatibalizer and fiom about 30 to about 60% filler. 

Ttecompatiblizerispieferablyafimctionalisedpolyolefincomprisingmaleic 

arihydride grafted Engage® or equivalent metallocene polyefl>ylene plastomer, maleic 
anhydridegraftedethylenepropylenecopolymer.mdeicanhydridegraftede1hyle^^ 
p^lene diene monomer, maleic anhydride grafted linear low density polyethylene. 
. nialeicanhydridegraftedverylowdensitypolyefhyleneormaleicanhydridegrafl^ 
polypropylene, niecompatibalizeractsasacouplingagentinsofarastthelpsto 
increase the adhesion of the fillertothe soft eftylene elastomer component The 
compatibalizerhasapolarportionfliatbmdstothe filler andanon-polarportion is 

compatible with the soft ethylene elastomer component to ensure efective adhesion 
between the filler and the soft elhylenc elastomer component In a preferred 
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campositioii of flie present invention, flie compatibaUzer comprises from about 0.1% 
to about 10%. preferably from about 025% to about 7% by weight of Hie 
composition. 

■ae base resin in flie masterbatch is preferably a canier resin such as an Engage® 
polyolefinplastomer, linear low density polyethylene, very low density polye^^^ 
or ethylene propylene copolymer. Where flie base resm in the masterbatch isa 

fonctionaHsed resin such as efliyleue vinyl acetate, or a copolymer of efliylene and 
mefliylacryKc acid or acrylic acid, flie functionalised resin may behave in part as a 
compatibalizer. The base resin in flie masterbatch is typically compatible wifli flie 
elastomeric efliylene polymer of flie composition. 

Preferably tiie melt visco sity of flie compatibalizer and flie base resin fliat is used in 
. flie masterbatch should be similar or somewhat lower tiian flie melt viscosity of flie 
soft efliylene elastomer component to ensure good dispersion. 
An example of a mica masterbatch suitable for use in flie composition of flie present 
invention would comprise 12% maleic anhydride functionalized resin as a coupling 
agent(compatibalizer).30%mica,andasuitablepolyefliylenecanierresin. 

Itecompositionoffliepresentinventionandfliemasterbatchmay also comprise 
additional additives wrfliout deviating from flie inventiori as claimed. These additives 
■ may inohide EAOs flat have not been Aeology modified, process oils, plasticizers, 
specialty additives and pigments. The specialty additives include flame retardants; 
antioxidants; surface tension modifiers; anti- block agents; lubricants; antimicrobial 
agents such as organometallics, isoflitazolones, organosulfiirs and mercaptans; 
antioxidants such as phenolics. secondary amines, phopHtes and flrioesters; antistatic 
agents such as quaternary ammomum conqwunds, amines, and eflioxylflted, 
piopoxylated or glycerol compomids; hydrolytic stabilizers; lubricants suchas fiitty 
acids, fetly alcohols, esters, fetty amides, metaffic stearates, paiafBnic and 
microcrystalline waxes, silicones and orfliophosphoric acid esters; mold release agents 
such as fine-particle or powdered soHds, soaps, waxes, silicones, polyglycols and 
complex esters such as trimefliylol propane tristearate or pentaeryfliritol tetrastearate; 
pigments, dyes and colorants; plasticizers such as esters of dibasic acids (orflieir 
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anhydrides) with monohydric alcohols such as oi)h1halates. adipates andbenzoates; 
heat stabilizers suchas organotinmercaptides. anoctyl ester of thioglycolio acid and a 
barium or cadmium caiboxykte; ultraviolet Ught stabilizers such as a hindered amine, 
an o-hydioxy-phenylbenzotriazole. a 2- hydroxy,4-alkoxyenzophenone. a salicylate, a 
cynoaciylate. a nickel chelate and a ben2ylidene malonate and oxalanilide; and 
zeoUtes, molecular sieves and other known deodorizers. A preferred hindered 
phenolic antioxidant is Irganox™ 1076 antioxidant, available from Cft,a-Geigy Corp. 

Additional fillers may also be useful in conjunction with the composition of the 
present invention. Such fillers may include carbon black, glass, metal carbonates such 
as calcium carbonate, metal sulfetes such as calcium sulfete, talc, clay or graphite 
fibers, niese fillers may impart fiffther scratch aiid mar resistance properties to the 
composition. 

■ The additional additives, ifused, are typically present in an amount oflessflian about 
• 45 %, based on 4e total composition weight The amount is advantageously from 

aboutO.OOl toabout20%.preferablyfix)mabout0.01toaboirtl5%andmore 

preferably from about 0.1 to about 10%. 
. Mostpreferablyasiliconeadditiveisaddedtolhecompositiontoprovideenhanced 

scratch and mar resistant properties. Sihcone is added in an amount of 0.10 to 2.50%. 

preferably 0.20 to 1.00%,mostpreferably 0.25 to 0.6%. Hie amountofsiHcone 

additive that is added to the composition win be less than the amount of filler in the 

composition. 

The amount of silicone to be added to the composition will depend in part on the fluid 
viscosity of the silicone to be added. The fluid viscosity is a standard viscosity 
measuiedat25''C.PreferablyhighermolecularweightsiHc(mes,suchas 
polydimefhylsiloxane. may be added with a fluid viscosity of at least 1 .000 CSt, 
preferably at least 10,000 CSt Tie silicone may be added as a masterbatch or 
injected as apure Uquid. If in masterbatch form the silicone will typicaUy comprise 
between about 10% and about 50% of the masterbatch depending on lie fluid 
viscoaty of the silicone.. 
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Ttesmconemaybe added to the feedltaoat of Ihe extruder. However. Ihete 
wHch acts asalubricantkthecornporition,isi^fer*ly added downste^ 
ertruderto the molten softeftyleneelastomercomponent 

Where ffller is added asamasterbatel^boftlbemasterbaichaBdlbe soft elh^^^^ 
elastomercomponentmaybeaddedtolhefeedtooatoftheextruderatthesameto^^ 

Ttesoftethyleneelastomercomponentmayalsobeaddedinitsindividual 

oc«,ponentsalongwi.h1hemasterbatcLAltematively.1hemas^^^^ 
directly to Ihemolten soft ethylene elastomer component after xt has melted. 

Where fiUer is addedtolhesoftethylene elastomer component initspure form the 
fmerispreferablyaddedafteroratleastatthesametimeaslhecompatibahzerhas 
aheady been addedtofhe soft elhylene elastomer component although other 

sequences are possible. 

Additiontothe feed throat winrequirethatfl^feed throat beteptatatempem^ 
coldenou^topreventbridgiBg of components inihe feed throat Subsequent 
p^essingoflhecompositionoccursbymixingatatemperatureoffromato^^ 

m'C, preferably from about 190 to about ZIO'C. 

Attheendof1heextrusionprocess.1hemohenpolymerextrudatemustbecook^ 
lowtemperaturebeforebemgsolidifiedsolhatitcanbecutintopeUets. Ifthemolten 
jKjtymer extrudate is cutunderwater,fl>e water t^peratoeshouldbemaiute^^ 

below about 30 'C, preferably at or below 15 'C. 

ItwiUbeapparenttothoseskilledinftearttotmanytypesofmixingequipmentm^ 
beusedtomakelhecompositionofthepiesentinvenlioBiucludingaFanel 
Continuous Mixer, singte screw or twin screw extruder and buss toe^^ 

Tl.e compositions of Ihepresentinventionmaybeformedintoarticles of manufe^^ 
suchasparts. sheets, or otherfonnsusmg any one ofanumber of convenbonal 

pnKeduxes for processmg eh^tomer compositions. The compositions can also be 
drawnintofihns.multi-layerlammatesorextrudedsheets,compoundedwi1honeor 

rnore organic or inorganic substances, injection-molded mto articles such as Imob^^ 

■ i^dlesferappliaacesorconsumergoods.usedforproffle-extmdedarticle^ 
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farcoatedfelHics(«oiherfflmandsheetappHcations.Tle««nposW<msi^^ 
useMmtheinanufecture of automobfleurterior parts, autom^^ 
corner goods wift soft touch grips and oonsmner appliances with soft touch 
surfaces. Ote appHcations may also be possible and are within .he knowledge of the 
person skilled m the art 

Tteconipositionsofli^presentinvenJionhave surprisingly improved sc^^^ 
rm resistant properties relative to other soft ethylene elastomer compositions. He 
compositions are also useful in the manufectnre of articles with low gloss. 
Ite following examples iUustrate. but do not limitthe present invention. 

Example 1: 

. All compositions used were made on a twin-screw extruder (38:1170 or 50:1 UD) at 
aprocessingtemperatureofbetweenl90and210»C. Ihetou^t was about 150 
lbstoatascrewspeedof350RPM. The melt was pelletized using an underwater 
pelletizerwiththecuttingwaterkeptcoldataboutll-14-C. The mica masterbatch 
wasaddedtothefeedteoat The silicone masteAatch was added part way down the 
extruder as a side-feed into the molten polymer. 

Tie compositions were formed into embossed sheets using conventional processing 
means. The embossed sheets had a deep hair cell grain and were pigmented black. 
Tie embossed side of each of the dieets was tested fbr the followingproperties. 

which are set out in Table 2: 

(a) shore A hardness of sheet stock under constant.load (1 second) was tested 
according to ASTM D 2240-00; 

(b) % gloss at 60 deg angle using a glossmeter was tested according to ASTM D 

523; ■ 

(c) degree of scratching was tested using the 5-finger scratch test described m 

Ford FLTM BN at 108-13, where a measurement of 5 indicates the most 
severe scratch line and a measurement of 1 indicates that no visible scratch 
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lims can be detected on the dieet Smteh and mar was tested using 
and 7 Newtons of force. 

Of the sheets tested, the "Control" sample is the unmodified composition-<alled 
Advantech 8800 A™, commercially available fiom DuPont. This composition 
comprises the foDowing conqwnents: 

(a) 74 53% by weight of a mixture of low density Engage® resins 

comprising as the primary component Engage® 8100 and as the 

secondary component Engage® 8842; 

22 97% by weight of polypropylene homopolymer resm with a melt 
flow rate at 230''C, using a 2.1 kg weight, of 12 grams/10 mmutes; 

2.5 % by wei^t of Vul-Cup® 20P (Geo Specialty Chemicals) 
comprising 

20% organic peroxide/5% silica/75% polypropylene 
Sample A comprised a mica masteAatch. Hie composition of the masteibatch was: 
12% maleic anhydride functionalised resin as a coupling agent (compalibalizer), 30% 
mica, and Engage® 8100. Hie mica comprised 7 % by weight of the final 
composition. 

Samples B. C and D comprised a mica masterbalch as well as a siHcone masterbatch 
additive. The composition of the samples A, B, C, and D are set out below. 



(b) 
(c) 



Table 1: Composition of Samples 



Sample 


Base Component 


Additive 


%wt additive in final 
composition 


Control 


Advantech 8800 A™ 


None 




A 


Advantech 8800 A™ 


mica mastexbatch 


7 % mica 


B 


Advantech 8800 A™ 


mica masterbatch 
and silicone 
masterbatch 


7 % mica, 0.25 % 
silicone 
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Sample 


Base Component 


Additive 


%wt additive in final 
composition 


C 


Advantech8800A™ 


mica masterbatch 
and silicone 
masteibatch 


7% mica, 0.50% 
silicone 


D 


Advantech8800A™ 


mica masterbatch 
and silicone 
mastBrbatcb 


7% mica, 0.875% 
silicone 



Table 2 



..comparison of properties of the en*ossed side of extruded sheet stock 




Sample A. had the best ccmibined scratch aBdinariesistaBce and gloss piop^^^^ 
Tl,e softness of the composition wasnotsignificanliy decreased wift the a^^^ 
temicamasterbatchinfte composition. Tlie addition of silicone alsoresultedma 
composition mthimprovedscnitch-and-marreristance. while maintaining the 
softnessoftheconqx,sition.Eachof1hecompositionstested.producedasheetw^^ 

low gloss. 
Example 2: 

A sheet comprising Advantech 8800 A™ base resin. 7 % mica and 0.50 % siUcone 
(sample C) was thermoformed into an article, by preheating and forming fte sheet 
intoashape. Ibe embossed side of the sheet was tested against the theimofomied 
article for scratch and mar resistar>ce using the 5-finger scratch test as described m 
Ford FLTM BN at 108-13. He % gloss of the embossed side of the sheet was also 
tested against the thermofomied article at a 60 degree angle using a glossmeter, tested 

according to ASTMD 523. 

Hxemioforming was performed using a Sencorp thermoform machine by placing the 
sheet betweenatop and bottom phrten. llie temperature of the top platen was 507 
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Table 3: Comparison 
Sheet 
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was 580T. The sheet was pie-heated for 80- 
for 18 seconds. 



of Properties of Thermoformed and Non-Thermoformed 



Sample 

Control 


Scratch 
Test ION 
4 


Scratch 
TestTN 
3 


Scratch Test 

5N 

2 


Gloss 60" 

19. 


Sample C 

Control 

Thermoformed 


2-3 
4 


1 
3 


1 
2 


07-0.8 
1.6 


Sample C 
Thennofonned 


1-2 


1 


1 


1.3-1.4 



TbB thennofonned sheet had the same ^ 
toofonned sheet, when tested under a force of 5 and 7 Newtons. and superior 
seralch and n>ar resto.ce properties to the control sheets. At 10 Newtons the 
thennofonned sheet showed hnproved ^tch and resistance over the n<^- 
Ihennofonned sheet and superior results to Ihe control sheets. The gloss of the 
thennofonned sheet increased shghtly when compared wifli the gloss of the non- 
Ihennoformed sheet, hut was less than the gloss of Ihe tofbnned control sheet, 
which did not comprise mica and alicone. 



Examples . ^ j«. 

ix>w viscosity iigectionmolded compositions werepreparedonatwm-saewex^^^ 

(50-1 17D)atatemperature of hetween 190 and210 =C. Ihe throughput was about 
• i50IbsAK.uratascrewspeedof350rpm.Themeltwaspelletizedusingan 
imderwaterpelletizer having a watertemperature of about 10-14 °C. Mica 

^rbatch was addedto the compositionby addition atthe feedihroat Silicone 
.nasterbatch was also added to ae composition by addition part way down &e 

extruder as a side-feed into the molten polymer. 

TT« compositions were injectionmoldedintoair-bagdoorsatameltl^^ 
198-216»Cusingasciewspeedof 50 rpmandamold temperature of about 27 "C. 
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He air bag doois were tested for sciatehandmar resistance using the 5 -finger 
scratch test described inFordFLlMBN 108-13, wherearatingofSindicates the 
laost severe scrateh line andameasurementoflindicates that no visiljlescnitchh^^ 
can be observed. Scratch and mai was tested using a 7 Newton force. 

Ihe "control" composition was comprised of the following components: 

a) 74.25 % by weight of Engage * lesin 8130; 

b) 24 % by weight of polypropylene homopolymer (nucleated and comprising 
antistatic properties) having a meh flow rate of 12 gtams/10 minute at 230 "C. 

using a 2.1 kg wei^^ and, 

c) 1.75 % by weight of Vul-Cup® 20P (Geo SpeciaUty Chemicals) masteibatoh 
comprising 20 % organic peroxide/5% siUca/75% polypropylene. 

Sample A comprised the "control" composition and 6.8 % weight mica and 0.5 % 
. . weight siUconem the final composition. The composition of the mica masteibatch 
used in SampleAcomprisedl2%weightmaleic anhydride fimctionalizedresinasa 

couphng agent (conqiatibilizer), 30 % weight mica, and Enpge® 8100. 
Table4: Comparison of the scrateh and mar properties of the airbag doors 





Scratch Test 7N 


Scratch Test 7N (Sample A) 


Smooth Side 


(Control) 

4 


2 


Grain Side 


3 


2 



The addition of mica and siUcone resulted in a significant improvement of the scrateh 
and mar properties compared to the "contror sample. 

Various embodiments of Ihe present invention having been thus described m detail by 
way of example, variations and modifications will be apparent to those skilled inthe 
art Ihe invention inchides all such variations and modifications as M within the 
. scope of the appended claims. 



